Summary. Plasma glucagon and growth hormone concentrations were measured fasting and after oral glucose in 19 patients with portal vein block with extensive portal-systemic shunting but minimal liver cell damage, 11 cirrhotic patients and 12 matched control subjects. Portal vein block patients and controls had similar fasting glucose and glucagon levels (glucose 3.8 + 0.1 mmol/1 vs control 3.4 + 0.1 mmol/1 (mean _+ SEM); glucagon 57.5 +_ 9.1 pg/ml vs control 51.3 + 7.8 pg/ml). Cirrhotic patients were hyperglycaemic (cirrhosis 4.3 _ 0.2 mmol/1 vs control 3.4 _ 0.1retool/I, p < 0.01) with significantly elevated glucagon levels (167.3 + 61.1 pg/ml vs control 51.3 _ 7.8 pg/ml, p < 0.05), which suppressed towards control values after oral glucose. There was no correlation between fasting plasma glucagon levels and the degree of portal-systemic shunting in cirrhotic patients. There was a strong correlation between fasting plasma glucagon concentrations and aspartate transaminase levels (r = 0.68; p < 0.01) in cirrhotic and portal vein block patients. Significant elevations of growth hormone were seen only in cirrhotic patients. It is concluded that hyperglucagonaemia is a feature of hepatocellular damage rather than portalsystemic shunting but the relationship between elevated glucagon and growth hormone concentrations and carbohydrate intolerance in cirrhosis remains unclear.
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Abnormalities of carbohydrate metabolism including carbohydrate intolerance [1] , hyperinsulinaemia with insulin resistance [2] , and hyperglucagonaemia [3] [4] [5] are common in cirrhosis. Growth hormone levels (hGH) may also be elevated and Contribute to insulin resistance [6, 7] .
The increased peripheral levels of glucagon have been attributed to portal-systemic shunting [4, 8] . Recently Sherwin et al have suggested that portalsystemic shunting decreases hepatic sensitivity to glucagon and this leads to pancreatic alpha cell hypersecretion [9] . Other workers have suggested that hepatocellular damage rather than portal-systemic shunting is responsible for the hyperglucagonaemia of cirrhosis [10] .
The present study was undertaken to elucidate the roles of hepatocellular damage and portal-systemic shunting in the hyperglucagonaemia of cirrhosis. Growth hormone levels were also measured to see what role this hormone might play in the development of carbohydrate intolerance.
Methods

Subjects
Nineteen patients with long-standing portal venous block (PVB) were compared with 11 cirrhotic patients and 12 controls. The 19 PVB patients (10 male, 9 female; age range 16-66 years) had the diagnosis of portal vein block confirmed by venography and ultrasound [11] . All had liver biopsies which were normal by light microscopy or showed minimal changes compatible with a blocked portal vein. Ten patients had normal liver function tests and 9 had minimally abnormal liver function tests consisting mainly of an elevation of aspartate transaminase (AST) levels (Table 1) . Seven patients had surgical shunts (1 portacaval, 6 splenorenal).
The 11 cirrhotic patients (7 male, 4 female; age range 22-69 years) had biopsy proven cirrhosis of varying aetiology (Table 2) and extensive portal-systemic shunting on portography. Five patients had surgical shunts (4 end to side portacaval, 1 mesocaval). One further patient had an occluded end to side portacaval shunt with extensive collateral circulation and no portal flow to the liver. One patient was taking low dose prednisolone ( Table 2) .
The 12 control subjects (7 male, 5 femalel age range 20-67 years) were hospital in-patients with no evidence of gastrointestinal disease (Table 3 ).
All subjects were within 10% of ideal body weight and none had any family history of diabetes mellitus. No subject was in 0012-186X/80/0019/0103/$01.20 
Protocol and Methods
A "butterfly" needle was inserted into a forearm vein and flushed with 1 ml of 1% w/v sodium citrate solution. A basal sample was taken at least 30 min after insertion of the needle. Subjects then ingested 100 g glucose in water and samples were taken every 30 min for 3 h. Blood for glucose was collected in fluoride tubes and plasma glucose measured by a glucose-oxidase method. Blood for glucagon (5 ml) and insulin was collected into tubes containing 2000 units of aprotinin (Trasylol, Bayer), separated at 4~ and stored at -20 ~ until assayed. Blood (5 ml) for growth hormone was collected in plain tubes and serum stored at -20~ until assayed. Plasma glucagon was measured by radioimmunoassay using wick chromatography [12] and a pancreatic ghicagon specific antibody (Novo Research Laboratories, Copenhagen), and insulin by the radioimmunoassay method of Heding [13] . Growth hormone was measured by radioimmunoassay using a double antibody technique. The assay standard was IRP 66/217 (0.350 IU hGH/ampule). Aspartate transaminase, albumin, bilirubin, plasma urea and electrolytes, creatinine and haematology values were performed in the routine hospital laboratory. In the 5 cirrhotic subjects without surgical shunts the degree of portal systemic shunting was measured during transhepatic portography by the method of Gross et al. [14] . In the surgically shunted patients complete diversion was assumed for the patients with end to side portacaval anastomoses and follow up portography in the patient with a mesocaval shunt showed complete diversion of splanchnic blood into the systemic circulation. Statistical analysis was performed using analysis of variance (F test), Mann Whitney U test and linear regression analysis. Results are presented as mean + SEM.
Results
Glucose (Fig. 1) Fasting plasma glucose levels did not differ between PVB patients and controls. Cirrhotic patients had mild but significant fasting hyperglycaemia. Following oral glucose no differences were observed between PVB patients and control subjects. Cirrhotic patients became progressively more hyperglycaemic reaching a peak glucose concentration at 90 minutes. (Fig. 2) Fasting plasma insulin and response to oral glucose did not differ between PVB patients and controls. Cirrhotic subjects were significantly hyperinsulinaemic both fasting and after glucose, reaching a peak of 1.91 nmol/1 compared with 0.79 nmol/1 in control subjects.
Insulin
Glucagon (Tables 1, 2, 3)
There was no difference in fasting plasma glucagon levels between PVB subjects and controls. Cirrhotic patients had significantly elevated fasting plasma glucagon levels with a mean three times that of control subjects (control 51 + 8 pg/ml, cirrhosis 167 -4-_ 61pg/ml, p < 0.05). PVB patients with elevated aspartate transaminase levels had significantly higher fasting plasma glucagon levels than those with normal aspartate transaminase levels (PVB with normal AST 41.5 ___ 10.5 pg/ml, PVB with elevated AST 79.4 +_ 13.5 pg/ml, p < 0.05), although neither group differed significantly from the control value. Following glucose ingestion (Fig. 3 ) plasma glucagon levels fell significantly in all groups reaching a nadir at 120 minutes (p < 0.01 for all groups, paired 't' test). Although the fall in plasma glucagon levels was of the same magnitude in all groups by 90 minutes there were no significant differences in glucagon levels of cirrhotic patients and control subjects. However, mean values for cirrhotic patients were approximately three times control values throughout the glucose tolerance test.
There was no correlation between the degree of shunting and the fasting plasma glucagon in the 11 cirrhotic patients. A good correlation, however, was found between basal glucagon levels and the aspartate transaminase levels in the cirrhotic patients and the nine PVB patients with elevated transaminases (r = 0.68, p < 0.01).
Growth Hormone (Tables 1, 2, 3 ) No difference in plasma hGH levels could be demonstrated between PVB patients and controls. All subjects in these two groups showed normal suppression of plasma growth hormone levels following oral glucose except for one PVB patient and one control subject. The hGH response in the cirrhotic group was much more variable although only two patients had a paradoxical response to oral glucose. Significant elevations of hGH levels over control values were seen at 60, 90 and 150 min.
Discussion
The demonstration of elevated levels of immunoreactive glucagon, and of glucose intolerance, in our cirrhotic patients agrees with previous studies. The range of growth hormone levels was large in all groups studied and although significant elevations of growth hormone were found in cirrhotic patients at 60, 90 and 150 min after oral glucose, no significant differences could be demonstrated in peak and trough levels. High fasting growth hormone concentrations were found in both patients and controls suggesting that the effects of stress on growth hormone secretion were not entirely eliminated despite waiting at least 30 min after inserting the "butterfly" needle before taking the first sample. A paradoxical growth hormone response to glucose was also seen in each group and appears to be non-specific.
Previous studies [6, 7] have demonstrated an association between elevated growth hormone concentrations and glucose intolerance in cirrhosis but not a cause and effect relationship. In acromegaly excessive growth hormone secretion is diabetogenic, but the levels of growth hormone are greater than those seen in cirrhosis and are sustained. Similarly, hyperglucagonaemia is associated with glucose intolerance in cirrhosis but as cirrhotic patients have a subnormal glycaemic response to glucagon [9] a causal relationship has not been established. It is of interest that glucagon levels in patients with PVB did not differ from control subjects fasting or after an oral glucose load, despite their marked portal-systemic shunting. This suggests that portalsystemic shunting per se does not explain the hyperglucagonaemia demonstrated in cirrhotic patients, and that this latter is related to hepatocellular damage. This hypothesis is supported by the close correlation between aspartate transaminase and fasting glucagon levels, previously also noted by Sherwin [4] .
Why should portal-systemic shunting cause resistance to systemically administered glucagon [9] , and hence alpha cell hypersecretion? Peripheral pancreatic glucagon concentrations in some cirrhotic patients with portal-systemic shunts are so high that assuming a portal-peripheral glucagon ratio of 1.7 + 0.5 [15] , they will still far exceed the portal venous glucagon concentration of normal subjects. Thus despite the reduction in portal blood flow that occurs in cirrhotic patients, the liver must still be exposed to considerable amounts of glucagon whether delivered by arterial or portal blood. This suggests that glucagon resistance is due to a defect at the hepatocellular level and glucagon resistance is indeed related to the severity of the liver damage in cirrhosis [16] .
Previous studies have demonstrated hyperglucagonaemia in cirrhotic patients with natural or surgical portal-systemic shunts and in animals with surgical shunts, the authors attributing the elevated glucagon levels to portal-systemic shunting per se.
However, these studies [4, 9, 17] have only taken clinical signs of portal-systemic shunting or the ammonia tolerance test [18] into consideration, and have ignored the presence of intrahepatic shunts [19] which may be extensive [14] . Furthermore, ammonia tolerance may be normal in the presence of extensive portal-systemic shunting when hepatocellular function is well preserved [20] , but becomes abnormal when hepatocellular function declines [21] . Liver function frequently deteriorates following shunt surgery [22, 23] , and this may explain elevations of plasma glucagon in cirrhotic patients following such surgery [8, 24] . Animal studies comparing glucagon levels in shunted and non-shunted animals are also difficult to interpret as complete portal diversion leads to hepatocellular damage and liver failure, in a wide variety of laboratory animals [25, 26, 27, 28] . Indeed, the most dramatic rise in glucagon levels occurs where liver failure supervenes [29] .
There are few studies in patients with "normal" livers and extensive portal-systemic shunting. Marco et al. [3] reported one patient with a PVB and a mesocaval shunt. Fasting and arginine stimulated glucagon levels were markedly elevated but although liver function tests were normal no mention was made of liver histology. Bilheimer et al. [30] reported a six year old girl treated for familial hypercholesterolaemia with a portacaval shunt. Fasting and arginine stimulated glucagon levels were again markedly elevated but there was no liver histology and postoperative liver function tests were persistently abnormal. The patient was also taking propranolol, making interpretation of the results difficult. Weglicke et al. [31] reported a 30 year old woman with a portacaval shunt for the same lipid disorder. Preoperative liver histology was normal and glucagon levels and the response to oral and intravenous glucose was unchanged from preoperative values, 3 and 13 months after surgery.
The data from the first two cases conflict with our hypothesis while Weglicke et al. had similar results to our own. These differences may be explained in two ways. Firstly, blood flow through large surgical shunts is greater than that through the natural or splenorenal shunts in our patients, and this may account in part for the greater glucagon levels in the patients reported by Marco and Bilheimer et al. Secondly, the liver damage that follows complete portal diversion [32] is probably idiosyncratic and this would explain the different results in the two patients with portacaval shunts. In addition we have only studied our patients at physiological secretion rates, and not after arginine stimulation.
Man appears relatively resistant to the effects of portal diversion although there may be changes in liver cell morphology [32] and liver cell function tends to decline with age [33] . We thus feel that our patients with PVB allow us to separate more clearly than previously the effects of portal-systemic shunting and parenchymal liver damage, although a pure model for the effects of shunting alone probably does not exist.
The hyperglucagonaemia of cirrhosis appears to be related to hepatocellular damage and cannot be explained by natural portal-systemic shunting alone. The marked elevations of glucagon that accompany large surgical portal-systemic anastomoses probably mainly reflect the parenchymal liver damage that follows complete portal diversion.
